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Optimizing the diagnostic use of a small clinical biopsy Bruce R. Madewell, Brenda S. Phillips, Susan A. Kraegel Figure 1 . The 14-ga 2.0-cm canine tissue biopsy was divided into 5 sections using a sharp scalpel blade.
There have been marked changes in clinical practice over the last 5-10 years. The diagnostic process has been markedly expedited with improved imaging and biopsy methods. Biopsy sampling is now often an outpatient procedure, using sedation and/or local anesthetics rather than general anesthesia and a needle biopsy rather than a more invasive wedge-type incision. Although these procedures are quick and cost effective, they pose considerable challenge to the diagnostic pathologist in arriving at accurate diagnoses. A major limitation to the use of small specimens is that the tissue procured may not be representative of the pathologic process. Needle biopsies may serve as a prelude, however, to definitive treatment methods. As clinical methods have improved, so too have those procedures used in the diagnostic laboratory to optimize the utility of small specimens. Here, we report the diagnostic processes used with a clinically procured needle biopsy.
A 13-year-old altered female mixed-breed dog was examined because of a 2-week history of an enlarged right prescapular lymph node. Six months prior to presentation, the referring veterinarian had removed multiple mammary masses, which had not been submitted for histology. On physical examination, the dog had multiple enlarged peripheral lymph nodes and a cluster of raised dermal nodules over the left thoracic wall. A 2-cm area over the right prescapular lymph node was clipped, and a local anesthetic mixture (2.5 ml 2% lidocaine, 0.5 ml 8.4% sodium bicarbonate, trace 1: 10,000 epinephrine) was injected intradermally and subcutaneously. A 2-mm stab incision was made in the dermis with a no. 11 scalpel blade and a 14-ga needle biopsy was collected from the region of the right prescapular lymph node using a hand-held biopsy instrument. a The 14-ga 2.0-cm specimen was gently placed on sterile gauze moistened with 0.9% NaCl and divided into 5 sections using a sharp scalpel blade (Fig. 1 ). The smallest section was used to make impression smears on 3 glass slides. Blood was blotted from the specimen with gauze, and the specimen was then gently touched onto 3 glass slides in 10-12 places per slide. These cytologic specimens were quickly air dried and stained with Wright's stain. The second tissue section, to be used for histologic interpretation, was placed in neutral buffered formalin solution for routine processing through paraffin wax, sectioning, and staining with hematoxylin and eosin (HE). The third tissue section, to be used for electron microscopy, was placed in 2% glutaraldehyde in 0.05 M phosphate buffer (pH 7.2) at room temperature for 1 hour and then refrigerated (4 C). The fourth tissue section, to be used for immunohistochemistry, was snap-frozen in optimal cutting temperature medium b and stored at Ϫ70 C in 4-ml polyethylene tubing. c The fifth specimen, to be used for molecular analysis, was snap-frozen in liquid nitrogen and stored at Ϫ70 C in the polyethylene tubing. The cytologic preparations were cellular. Most of the nucleated cells were in clusters ( Fig. 2) . In thin areas of the smears, the borders of the cells within the clusters were indistinct. Individual cells had moderate amounts of basophilic cytoplasm, and some cells contained cytoplasmic vacuoles. The nuclear chromatin was finely stippled, and most cells contained 1 or 2 irregular nucleoli. Scattered throughout the smears were occasional neutrophils, plasma cells, and rare lymphocytes. Microscopic examination of the HE-stained tissue revealed small fragments of adipose tissue, lymphoid tissue, and pleomorphic epithelial cells arranged in nests and cords ( Fig. 3 ). These cells were polygonal and moderately pleomorphic and contained round to irregularly shaped nuclei, finely stippled basophilic chromatin, and 1 or more magenta-stained nucleoli. The cytoplasm appeared homogeneous and amphophilic, and cell borders were indistinct. These pleomorphic cells rarely formed irregular gland-like For ultrastructure examination, the tissue was postfixed in 1% osmium tetroxide, stained as a block with 2% uranyl acetate, embedded in epoxy resin, and examined with an electron microscope. d Transmission electron microscopy revealed that the tumor cells were polygonal or cuboidal and organized in cords or nests. The nuclear envelopes had irregular outlines, heterochromatin was diffusely distributed, and there were single nucleoli. There were junctional complexes with desmosomes and poorly formed intercellular spaces containing cell processes or microvilli (Fig. 4) , and there were sparsely distributed bundles of tonofilaments. Occasional polymorphonuclear leukocytes were observed scattered throughout the specimen.
Immunohistochemical analysis was performed using an alkaline phosphatase streptavidin/biotin detection system based on a previously described method. 4 For identification of cytokeratin intermediate filaments, the primary antibodies used were pancytokeratin AE1/AE3. e Immunohistochemical methods were also used for detection of leukocyte antigens, namely CD3, HM57, and CD45RA. Strong reactivity within the neoplastic nests and cords were detected with AE1/AE3 (Fig. 5) , and the reactivity clearly distinguished the epithelial cells adjacent to the nonreactive lymphoid tissue. There were scattered immunoreactive B and T lymphoid cells in the residual lymph node adjacent to the tumor cords (data not shown).
For point mutation analysis in a tumor suppressor gene and an oncogene, RNA was extracted from the Ϫ70 C fragment with an RNA extraction kit. f RNA was then reverse transcribed to cDNA, and genes of interest were amplified for 30 cycles by the polymerase chain reaction (PCR). 7 The resulting PCR products were purified and directly sequenced in both the sense and antisense directions using an automated sequencing system. For exons 5-8 of the p53 tumor suppressor gene, 2 overlapping PCR products were amplified and sequenced with the primer pair 30 (5Ј-TCTGTCCCTTCCCCGAAGACCTAC-3Ј) and 31 (5Ј-GTTCATGCCTCCCATGCAGGAACTG-3Ј) and pair 32 (5Ј-ACTTTTCGACACAGTGTGGTGGTGC-3Ј) and 33 (5Ј-CTCTGGGCATCCTTCAGCTCCAAG-3Ј). A 252-bp fragment of the K-ras oncogene exons 1 and 2 containing codons 12, 13, and 61 was amplified and sequenced with primers 3 (5Ј-ATGACTGAATATAAACTTGTGGT-3Ј) and 6 (5Ј-AACCCACCTATAATGGTGAA-3Ј), as previously described. 7 For p53, only wild type sequence was present ( Fig.  6 ) and for K-ras, codons 12, 13, and 61 were the wild type sequences GGT, GGC, and CAA.
The diagnostic tests done on this quickly and almost painlessly procured sample helped to differentiate this dog's lymphadenopathy from lymphoma or other causes and avoided the need for more invasive diagnostic procedures and unnecessary morbidity in this dog with advanced disease. The cytologic impression smears demonstrated that the specimen was an epithelial neoplasm, and the histology confirmed that the carcinoma was effacing a lymph node. The cytokeratin reactivity of the neoplasm further confirmed its epithelial histogenesis. AE1/AE3 contains pooled monoclonal antibodies to human epithelial keratins and reacts with a wide variety of canine tissues and tumors of epithelial origin. 11 The heterogeneity of the lymphocytes adjacent to the neoplasm confirmed that the lymph node enlargement was not due to a primary lymphoid neoplasm and supported the diagnosis of carcinoma metastatic to lymph node. The ultrastructure examination revealed epithelial cells and suggested glandular differentiation. Although the sequencing experiments for both the p53 tumor suppressor gene and the Kras oncogene were negative for point mutations, positive results might have provided prognostic information. K-ras mutations have been identified in a variety of human malignancies, and activation of the K-ras gene often identifies patients that respond poorly to treatment. 9 The molecular attributes of tumors are starting to appear in the veterinary literature. For example, in tumors of the canine lung, K-ras mutations are more likely to be associated with neoplasms with morphologic features of squamous differentiation than with nonsquamous adenocarcinomas or bronchioloalveolar carcinomas. 3 For the tumor suppressor gene p53, mutations can be either germline or somatic. Although it is unknown at present whether mutations in p53 are implicated in mammary carcinogenesis in the dog, for human patients with breast cancer, those with p53 alterations have a worse prognosis than those with wild-type p53 sequences. 12 In a recent veterinary study, 7 of 15 canine osteosarcomas examined contained p53 gene point mutations, suggesting a role for this tumor suppressor gene in canine carcinogenesis. 6 This case illustrates the utility of the small clinical specimen in the diagnostic laboratory. Even small specimens can be used for a variety of tests assuming that considerations are given to sample handling and fixation methods and that the small specimen uniformly reflects the primary lesion. Although this was a rather straightforward example of a metastatic mammary carcinoma, the studies performed could be useful in more complicated cases of poorly differentiated neoplasms, metastatic tumors of unknown primary origin, or lesions that appear intermediate between neoplastic and inflammatory processes. For example, cytologic diagnosis is imprecise for classification of mammary tumors in the dog and for distinguishing between benign and malignant mammary tumors. 1 Immunohistochemical techniques have been used, at least in human medicine, to improve the pathologic staging of tumors metastatic to lymph nodes, especially metastatic carcinoma. 5, 10 Further, for mammary tumors, there are at least some data to suggest that the cytokeratin content of canine mammary tumor cells, as determined by immunohistochemistry, may influence prognosis following surgical treatment. 2 Additional tests might be done on the remaining tissue, and other attributes of tumors may be used by clinicians and laboratory diagnosticians to further characterize neoplasms. These tests are already in place in human medicine to improve the classification of tumors, to provide a more precise estimate of prognosis, and to identify which patients are most likely to respond favorably to treatment. For patients with breast tumors, these tests include, in addition to histologic diagnosis and tumor grade, assessments of DNA ploidy, proliferation fraction, cytoskeletal compo-sition, hormonal receptors, intratumoral vessel density, and expression of c-erbB-2. 13 In veterinary medicine, these tests are still largely relegated to the research laboratory, and their application to clinical specimens will be based on data clearly demonstrating their clinical value and on market economics. ing. The organism grows slowly, producing only pinpoint colonies on blood agar plates at 24 hours. Optimal growth occurs when plates have been incubated for 48 hours in 5-7% CO 2 at 37 C. Colonies then appear gray to grayish white, opaque, convex, and circular with a diameter of 1-3 mm. 11 The organism does not react well with the conventional macrotube biochemical tests. 3 Phenotypic characteristics for laboratory identification of ORT include the production of oxidase, lack of catalase production, lack of motility, no reaction on triple sugar iron agar, production of beta-galactosidase, inability to reduce nitrate to nitrite, and inability to grow on MacConkey agar. [1] [2] [3] 5, 6, 11 Urease production and carbohydrate fermentation are variable. The organism has a unique morphology when Gram stained. The gram-negative, nonsporulating rods may exhibit extreme pleomorphism, with a tendency towards clubbing. 1 Current commercial identification systems do not include ORT in their databases. One identification system a to identify ORT did yield several unique biocodes, 11 but 24-48 hours were needed for identification.
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